Introduction
Major changes are taking place in the way health care is conceived, applied and paid for. Health care providers and decision makers are starting to prioritise management strategies based on their potential to improve results for patients (health outcomes, quality of health care), ensuring that health care resources are wisely spent and will sustain for future generations.
These intelligent management strategies refer not only to treatments (medicines and medical devices), but also to in vitro diagnostics including tests to predict evolution of disease and treatment response, among others. The twin objectives of advancing health and ensuring sustainable use of resources are often complementary and comprise the basis of the value of health care and health care interventions [1] .
Additional changes occur as a consequence of the dramatic scientific advances in our knowledge of the human genome [2] . We now realise that people develop disease and respond to treatments differently based on their genetic make-up, which is slightly different from everyone else's. Traditional 'one-size-fits-all' approaches to health care, based on broad population average response, can lead to unnecessary adverse events, delay most appropriate patient management strategies and stimulate the use of extra health care resources.
In this context, personalised health care can be a way forward, translating scientific and technological advances into benefits targeted to the specific needs of each patient.
Among the different technologies shaping this personalised health care spectrum, companion diagnostics emerge as a very special group of in vitro diagnostics that will be the focus of this article.
Companion diagnostics are a very specific group of in vitro diagnostic tests providing information which influences the benefit-risk ratio of a specific treatment. Their diagnostic information helps to segment patients according to the presence or absence of a specific characteristic (in the genetic material or in non-genetic markers) that will determine the individual patient's response to a targeted therapy.
Enabling patients, health practitioners and payers to decide with a higher level of certainty on the potential benefits of a treatment and care pathway, companion diagnostics facilitate a more efficient selection of treatments, targeted at subpopulations that are most likely to benefit.
Companion diagnostics account for a minimal portion of the already small expenditure on in vitro diagnostics -far less than 1% of the total health care expenditure -and yet they can reduce the inefficient use of health care resources, while optimising patient outcomes.
Since the value of companion diagnostics as enablers of better patient outcomes, while facilitating an affordable selection of medicines and the efficient use of resources, is not yet fully recognised by EU health systems, equal access to affordable personalised health care remains an issue across the EU.
In many countries, market access frameworks for diagnostic tests are fragmented and not aligned with specific funding and reimbursement mechanisms, providing a disincentive to use these tests. There is an emerging body of evidence that patients are missing out on the appropriate tests and treatments while a reduction in the inefficient use of health care resources is not realised.
This article outlines some of those market access barriers for companion diagnostics in the EU, including reimbursement challenges specific to some member states (Germany, the UK, and France). Furthermore, proposals addressing barriers and increasing timely patient access to companion diagnostics in the EU are presented.
Challenges and Recommendations to Improve Reimbursement and Patient Access to Companion Diagnostic Tests in Germany
Challenges In Germany's ambulatory sector, the practical definition and execution of the reimbursement processes for companion diagnostics is driven by the medical self-administration. The main organisation included is Gemeinsamer Bundesausschuss (G-BA), consisting of representatives from all relevant stakeholders in the public health care sector (physicians, hospitals, statutory health insurance companies and patients). The federal authority (Health Ministry) does not play an active role, its influence being limited to the set-up of legal rules for reimbursement processes.
From a patient access perspective, innovative medicines requiring a companion diagnostic have to be reimbursed on the day of their approval, following the socalled 'AMNOG process' [3] . Within 3 months of market authorisation, the Federal Joint Committee needs to provide a decision on the additional benefit of the medicine over the appropriate comparator. For this purpose, the manufacturer submits a medical dossier based on the authorisation documents, summarising all studies that have been performed to support that claim.
On the other hand, innovative companion diagnostic tests have to undergo a very lengthy and complex process, interacting with different stakeholders, in order to achieve reimbursement. The committee in charge is the 'Bewertungsausschuss' (Evaluation Committee), requiring different documents and evidence to prove the claimed benefit of the test.
A key challenge for inclusion of companion diagnostics in the fee schedule of the outpatient sector in the German public health system stems from the lack of clear established timelines for the reimbursement processes. As a result, those processes are not suited for this kind of tests and result in reimbursement delays impeding effective patient access to companion diagnostics and corresponding medicine.
The example of adjuvant chemotherapy for breast cancer, where doctors and patients face the situation that an upstream diagnostic test is required, but no reimbursement exists for this companion diagnostic test highlights this situation.
A new law enforced in July 2015, setting up time limits for the evaluation procedure of innovative diagnostic tests, might be a first step in the right direction to address some of these issues [4] .
The situation is not as difficult in the in-patient sector, as hospital reimbursement in Germany is based on a disease-related group system and more clear processes and timelines are in place.
Recommendation
Due to the special nature of companion diagnostic tests, clear, appropriate and timely patient access processes are urgently needed in the German ambulatory sector.
Challenges and Recommendations to Improve Provision and Equitable Patient Access to Molecular Cancer Diagnostics in England
Challenges Molecular cancer diagnostic tests such as companion diagnostics have been available in the NHS in England for some time and are recognised as having the potential to improve patient outcomes and produce significant benefits for the service [5] [6] [7] . Despite a consensus on their benefits, access to molecular testing is variable in England and there are a number of systemic barriers within the NHS that inhibit their uptake. In particular, a fragmented commissioning structure and lack of associated funding for tests can be highlighted [5, 8] .
The demand for molecular testing is growing [5] as new targeted medicines with new associated biomarkers, relevant for different patient subpopulations, become available. However, a gap is emerging in England where the provision of testing for a biomarker does not increase sufficiently to meet this demand [5] . An analysis of molecular diagnostic provision done by Cancer Research UK found that, although there was an increase in the volume of molecular cancer diagnostic tests carried out through the NHS between 2011 and 2014, there is still a significant level of unmet demand [5] . In 2014, the expected number of tests for the population was 59,294, but the provision of testing was only 34,675, i.e. a difference of around 24,000 tests [5] . This included 16,000 patients with non-small cell lung cancer who would have been eligible for testing. Of these patients, 3,500 would have been eligible for targeted medicines that could have prolonged their progression-free survival, but missed out [5] .
The key reason for the gap between the provision and demand for molecular diagnostic testing is a lack of specific funding for the tests. There is currently no explicit fee per test funding for molecular diagnostics in England, so commissioning is achieved through several channels [5, 9] : -funding the test as part of the bundle of care within the agreed tariff for the procedure; -on a test-by-test basis; -through a block contract agreement with specialist treatment centres. A common feature of these funding mechanisms, contributing to inconsistent use, is that the budget for tests often comes from a different silo to that of the treatment. This can limit the willingness to pay by the test budget holder, as it is seen solely as an additional cost [9] . Fur-140 thermore, ad hoc funding arrangements made with pharmaceutical companies have created some inconsistency and their existence has lowered the incentive for the NHS to address this issue [5] . These arrangements are currently being withdrawn by manufacturers, exacerbating the problem of variable access to molecular tests.
Other systemic barriers include [9] : -confusion about the extent to which a molecular test can be funded by the cancer drug fund and uncertainty about its future; -overlap with the 100,000 Genome Project.
Recommendations
Starting in 2011, a number of commitments have been made to develop a specific commissioning structure for molecular diagnostics. These include the Department of Health's 2011 Cancer Strategy that pledged to 'develop a commissioning and funding structure to enable the efficient delivery of high quality molecular diagnostic testing through centres of excellence' [8] . In December 2012, the Department of Health's Cancer Policy Team published proposals for ensuring equitable access to complex molecular diagnostic testing for cancer patients [8] . Progress in implementing these commitments has been slow and access to these tests remains fragmented and variable [10] .
Cancer Research UK has called for commissioning of cancer molecular diagnostics and, in 2015, the Independent Cancer Taskforce published its cancer strategy for England, making almost 100 recommendations, such as: NHS England should transform access to molecular diagnostics to guide treatment for cancer by [9, 11] : -specific commissioning to unlock funding and provide access to molecular diagnostic tests in 2016, starting with melanoma, lung, colorectal, breast and all paediatric cancers, before broadening out to all cancer types with treatments subject to molecular tests; -adding the use of molecular diagnostic tests to the Cancer Outcomes and Services Dataset (COSD); -undertaking an annual review on molecular diagnostics capacity. These recommendations are now being considered by NHS England as part of their next spending review negotiations.
The British IVD Industry Association (BIVDA) has put forward the following recommendations: -molecular diagnostics should be embedded at every stage of the cancer management pathway, from assessing which is the best type of treatment to monitoring its effectiveness [9, 12] ; -BIVDA also calls for commissioning and policy decisions relating to the provision and access to molecular diagnostics, ensuring equal and timely patient access to these diagnostic tests; -as new tests are rapidly being developed, any future systems should be flexible to support early clinical leadership and adoption; -arrangements should be put in place to make additional tests available as and when new evidence emerges and to decommission tests if and when they are superseded. Molecular cancer diagnostic tests are relatively affordable, costing much less than the treatment themselves. Considering that NHS expenditure on cancer has increased from GBP 3.19 billion in 2003/4 to GBP 5.68 billion in 2012/13 [13] and the full provision of lung, colorectal, and melanoma molecular diagnostics costs GBP 13.32 million [5] , funding these tests can represent a strategic investment by the health service, improving patient outcomes and experiences while reducing the cost of treatment and care.
For these reasons, adequate funding and payment mechanisms need to be provided to support the provision of molecular diagnostic tests such as companion diagnostics now and into the future.
Challenges and Recommendations to Improve Reimbursement and Equitable Patient Access to Companion Diagnostics in France

Challenges
In France, achieving patient access to new companion diagnostic tests is a long and difficult process.
Depending on the setting where the new test will be conducted, reimbursement will require a global payment code (i.e. GHS or BHN/AHC) for the public hospital/laboratory scenario, and a fee schedule code (i.e. NABM/ CCAM) for the private hospitals/laboratories.
Based on budgetary processes, public hospitals/laboratories can readily purchase and uptake CE-marked new tests. If private laboratories want to be reimbursed for performing those tests (even for hospitalised patients), a new NABM/CCAM tariff is required. To achieve this, a request needs to be made to the Medical Devices National Review Board -CNEDiMTS. Specifically, the CNEDiMTS board within the National Health Authority (HAS) will conduct the companion diagnostic reimbursement review, looking for evidence of clinical benefit. If this is considered positive, the dossier is forwarded to the National Association of Health Insurances -UNCAM -for pricing. The complete chain for performing the test is priced, and not the specific test. The request for review can only be made by specific bodies such as UNCAM, medical societies, or even be self-assigned by the HAS. Once the reimbursement and pricing process is complete, the diagnostic is listed on the national list for reimbursement code implementation, and hospitals and private commercial laboratories are able to make purchasing decisions.
HAS-UNCAM processes would benefit from more clarity on different steps and mechanisms to achieve reimbursement. The overall process may last several years, representing a barrier to the uptake of innovative diagnostics, especially in cases where a new NABM/CCAM code is required for tests conducted by private laboratories. During that time, access to standardised qualityassured tests will be limited, while non-standardised laboratory-developed tests would often be performed as an alternative. As an example, despite the plethora of CE-marked PCR tests, only a few PCR tests are listed in the NABM fee schedule, suggesting that the coding system is rarely updated for new molecular diagnostics tests [14] .
In addition, although there are formally established steps for new code application, including health technology assessment processes based on evidence standards, in practice these processes are not necessarily followed, creating a disconnection between established guidelines and real decision making. As an example, in spite of the HAS favourable recommendations for molecular companion diagnostic testing, the UNCAM subsequent review for reimbursement and potential inscription on the national reimbursement lists can be pending for an additional and undefined period of time, such as in the cases of EGFR testing for lung cancer, BRAF testing for melanoma, KRAS and NRAS testing for colorectal cancer.
As previously mentioned, reviews conducted by the HAS can take more than a year, while CE-marked companion diagnostic tests wait for reimbursement and pricing. This represents a significant delay for patient access, in a particularly disadvantageous environment for manufacturers, where the intrinsic value of the companion diagnostic information is not recognised in reimbursement and funding decisions.
Recommendations
-Allow IVD manufacturers to request initiation of the reimbursement process for companion diagnostic tests.
-Clarify and accelerate the companion diagnostic reimbursement process. -Recognize and reward the intrinsic value of the companion diagnostic information in reimbursement and funding decisions. -Recognize the value and differences between CEmarked tests and non-standarised tests in funding and reimbursement decisions.
Common Challenges for Access to Companion Diagnostics across the EU
Equal access to personalised health care is still an issue across the EU, as European countries may face different possibilities to handle health care expenditures. While this is a relevant issue to consider, challenges to access companion diagnostics may be sought beyond budget constraints, given the minimal fraction of the total health care expenditure they represent [15] .
Health technologies such as companion diagnostics that can limit ineffective medication use, preventing unnecessary ambulatory consultations and hospitalisations, may enable to contain the overall health care costs, shifting resources to areas of need. This, in turn, could contribute to make personalised health care more affordable across the EU.
For example, a multi-gene recurrence score assay companion diagnostic test to select breast cancer patients who will not benefit from additional chemotherapy has demonstrated savings in the United States in terms of adjuvant chemotherapy, supportive care, and management of adverse events of USD 1,930 per patient tested (based on a 34% reduction in chemotherapy use) [16] .
By using KRAS companion diagnostic testing to select metastatic colorectal cancer patients suitable for EGFR inhibitor therapy (cetuximab or panitumumab), USD 7,500-12,400 per patient could be saved in the United States and EUR 3,900-9,600 per patient could be saved in Germany with equivalent clinical outcomes. Using KRAS testing would save over EUR 115 million per year in Germany, considering a metastatic colorectal cancer incidence of 30,000 cases [17] .
Challenges for equal access to companion diagnostics in Europe relate to the variation of approaches for assessment and reimbursement across and within member states, the general lack of link between assessments and decision making, and the lack of established clear processes for reimbursement, funding and uptake of diagnostic innovation.
In the different EU countries, the reimbursement processes for innovative diagnostics are usually difficult, unclear, time consuming, and, in some countries, not able to be initiated by manufacturers. Companion diagnostics must undergo various and heterogeneous reimbursement and funding processes both across and within member states. In most EU nations, decisions to fund companion diagnostic tests are taken in parallel by various institutions within a decentralised funding approach. These local levels make access decisions based on different, lengthy and often unclear processes, procedures and requirements. This heterogeneity can impact the speed of adoption of companion diagnostic tests and provides uncertainty to tailor clinical and economic evidence. The length of these processes (years) represents another challenge manufacturers must face to achieve access within the health care systems. The reimbursement of a companion diagnostic may also depend on whether it is applied in the hospital or ambulatory setting, with the presence of silo budgets not stimulating the uptake even when there is a perceived need.
The differences in health technology assessment (HTA) systems, methods and requirements between and within countries, and the fact that they rarely inform reimbursement, funding or uptake decisions for companion diagnostics further complicates the picture. Manufacturers have no predictability or clarity regarding necessary steps for value demonstration and how this will lead to effective funding and uptake of the diagnostic test, lacking incentives to invest in evidence development.
As a result, coverage for many companion diagnostic tests varies across Europe. For example, while the oncology drug trastuzumab is widely reimbursed across the EU, reimbursement for its HER-2 companion diagnostic test varies across Europe. In the UK, France, Germany, and Italy, HER-2 testing is publicly funded, but in Spain, the pharmaceutical manufacturer funds the majority of testing, not assuring the continuation of this funding stream in the future.
Guidelines related to HTA methodology for companion diagnostics often do not account for the specificities of the diagnostic component, including methods very closely related to that used to assess medicines, posing unrealistic and non-fit-for-purpose evidence requirements which further impede value demonstration and patient access. They reflect the fact that assessments across Europe may not be fit for purpose for in vitro diagnostics, with different and non-specific methodologies being applied. Furthermore, assessments usually lack inclusion of decision maker's needs and values in the process, challenging their ultimate usefulness for decision making.
Reimbursement and funding for companion diagnostics do not recognise the value of information for patients and decision makers that the tests provide. This lack of recognition as to the inherent value of the information the diagnostic component brings to the 'joint product', diagnostic-treatment combination, is reflected in the fact that the reimbursement level is fixed based only on the value of the medicine, on historical use and/or competitive pricing.
Another key hurdle for access relates to the lack of clarity on financing streams for companion diagnostics and their sustainability over time. The case for the funding of BRAF mutation test in metastatic melanoma and anaplastic lymphoma, leading to a reliance on interim funding directly from the pharmaceutical companies developing the companion drug (UK) or through national agencies, such as the Institut National du Cancer (INCa) in France, is an example.
The uncertainty on access, funding and uptake of molecular diagnostics, such as companion diagnostics, has a direct influence on investment decisions. As higher uncertainty leads to lower access to external funding for the development of innovative molecular tests, innovation may be hampered. This is of particular concern for smalland medium-sized enterprises, which represent 95% of the European in vitro diagnostic industry, and are key drivers of diagnostic innovation in Europe. 
Recommendations to Ensure Patient Access to
143
-If HTA is applied to companion diagnostics, health systems need to clearly establish beforehand, how the assessment results will inform the pathways for uptake of the diagnostic innovation. Whenever value assessments are made, these should be linked to decisions on reimbursement and/or uptake. -HTA processes should enable patient access to companion diagnostics, by improving the way they assess their value, performing the assessment at the right time in the technology's life cycle, and responding to the needs of patients and decision makers. -HTA needs to develop and use specific and pragmatic methodologies for the assessment of companion diagnostics, being different than the ones applied for medicines and therapeutic technologies, in order to bring forward the full value of companion diagnostics.
Conclusion
For a successful and affordable personalised health care strategy that is able to reach all European patients who will benefit from it, challenges around effective market access to companion diagnostics need to be addressed by most member states. Europe needs to avoid creating new barriers to innovation such as non-fit-for-purpose HTA initiatives.
National health systems and European initiatives should ensure that an innovation-friendly environment exists, uptake of valuable diagnostic innovation is encouraged, and patient access to diagnostics is improved.
For those objectives to be reached, clear, transparent and timely market access processes based on the value of the information provided by the diagnostic test need to be in place.
With these critical aspects taken into account, together with continued collaboration among health systems, patients, health care professionals and in vitro diagnostic manufacturers, personalised health care can bring the future of health care to the present.
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